It is fortunate that in this country we are taught to play team games as an essential part of our education. Heart surgery, particularly when using extracorporeal circulation, demands the closest possible team work and a brief reference will be made to the role of the anesthetist as a member of a cardiac surgical team. In many branches of surgery a team comprising a surgeon, an anwsthetist and theatre and ward staff can be recruited ad hoc and excellent results obtained. This is not so in cardiac surgery where consistently good results are only obtained after the team has worked together for months or even years.
The Role of the Anaesthetist in Extracorporeal Circulation [Abridged] Dr Brian A Sellick (London) It is fortunate that in this country we are taught to play team games as an essential part of our education. Heart surgery, particularly when using extracorporeal circulation, demands the closest possible team work and a brief reference will be made to the role of the anesthetist as a member of a cardiac surgical team. In many branches of surgery a team comprising a surgeon, an anwsthetist and theatre and ward staff can be recruited ad hoc and excellent results obtained. This is not so in cardiac surgery where consistently good results are only obtained after the team has worked together for months or even years.
It is my conviction that the anwsthetist has a great deal to offer in fostering the cohesion and smooth running of such a project as total body perfusion, which may affect almost every department of a large hospital. The number of people concerned in each case of total body perfusion is considerable. Beside the theatre team itself, which consists of at least 15 members, there are over 50 others, of the ward and recovery unit staff, blood donors, transfusion staff, cardiologists, pathologists, hematologist, bacteriologist and biochemist, technicians, &c., all directly concerned with the patient's treatment.
A useful function of the anesthetist is as a coordinator of many of these activities. It has been my experience that for every hour spent in the operating theatre on these cases, two or three hours have been spent holding a watching brief on the pre-operative preparations and in postoperative care.
Forward planning of lists is dependent on the availability of blood donors. It may be necessary to notify the blood transfusion team several weeks or, if the blood group is rare, two or even three monthsin advance. We prefer to use blood freshly taken into heparin from fasting donors. The donors attend the evening before for crossmatching and on the morning of operation they are bled and then given breakfast.
Last-minute cancellation of operations, because of the patient developing respiratory infection for example, leads to a loss of time and effort and unnecessary use of blood donors. I suggest that whenever possible a second patient of identical group be prepared for surgery.
The Management ofTotal BodyPerfusion
The maintenance of ventilation and circulation are the anesthetist's prime concern during surgery and when these functions are temporarily taken over by the heart-lung machine it seems a logical extension of the anesthetist's responsibility to be in control. There is not only the advantage of continuity offered by the anesthetic management of perfusion, but the need for a third man or specialist 'pumpologist' is eliminated.
During the original experimental work and the establishment of extracorporeal circulation as a surgical technique the specialist perfusionist was irreplaceable. The majority of units using pump oxygenators at the present time consider it a fully established surgical instrument and this raises the question of who should run it. Most units consider a specialist perfusionist as a desirable luxury, but few hospitals can contemplate the establishment of a consultant for this purpose only. To take up too much of a registrar's time in training to operate the pump is unwarranted in view of the limited prospects of this specialization. We have found that the overall management of perfusion by the anesthetic department has been a very happy solution to this problem. In setting up our unit we are indebted to Dr J Kirklin and Dr R Theye and their associates at the Mayo Clinic for help and advice. We have followed the basic principles of perfusion that they have laid down and we have modified them to a surprisingly small extent in the light of our further experience.
The Mayo-Gibbon Pump Oxygenator
The lung of the Mayo-Gibbon pump consists of a number of stationary vertical screens of stainless steel mesh. Above each screen is a narrow slot or o, Fig 1 weir through which venous blood is fed on to the screens. As the blood films down the screens it is exposed to an atmosphere of 96 % oxygen and 4% carbon dioxide. The gases are led through a humidifier into the plastic container into which the screens are hanging. Arterialized blood collects at the bottom of the container.
Total blood flow for the perfusion is calculated from the surface area of the patient, on the basis of 2-4 I./sq.m.body surface area/min. The lung is then assembled with the appropriate number of screens for this blood-flow. Used in this way, gaseous exchange is maintained within acceptable limits and there is no need to monitor either oxygen saturation or pC02. The volume of venous return to the pump depends on the venous pressure of the patient, which is an expression of the circulating blood volume of the patient. The venous return is modified by the size of cannulk and the effects of gravity and is controlled by a variable vacuum applied to the venous reservoir. Free blood is returned from the open heart by the coronary sinus pump through a debubbler into the venous reservoir.
Blood from the venous reservoir is pumped by the recirculation pump to the top of the lung via a heat exchanger. This pump is calibrated and set to deliver the calculated total flow before starting perfusion. Should the volume of blood reaching the venous reservoir fall below that being pumped by the recirculation pump, then the level of blood in the venous reservoir falls. This is electronically monitored throughaphoto-electriccell mechanism and when a critical point is reached the occluder moves across and obstructs the flow of blood from the venous reservoir to the recirculation pump. In doing so it opens a loop from the bottom of the lung so that the recirculation pump now obtains its blood partly from the arterial reservoir. Blood flow into the lung is thus kept constant and there is no risk of the blood film becoming broken.
Arterial blood is pumped from the arterial reservoir at the bottom of the lung through a filter to the patient by a femoral or external iliac cannula. The pressure in this arterial line to the patient is monitored by a simple manometer on the dash-board of the pump. Should this pressure reach dangerous levels there is an automatic highpressure stop, which arrests the arterial pump. The speed of the arterial pump is determined by the level of blood in the arterial reservoir by means of another photo-electric cell mechanism. Should the level of blood in the bottom of the lung fall, due to recirculation or any other reason, then the arterial pump slows and the arterial output is reduced. Should the level of blood in the arterial reservoir fall a little farther, then the arterial pump is automatically stopped and air embolism prevented.
By means of these two electronic level sensors the pump oxygenator maintains its own blood volume. Any loss of blood from the circuit is reflected by a fall in the patient's venous pressure and lowered venous return, which consequently reduces arterial input to the same degree. The pump is very sensitive and it is easy to detect a loss of 50 ml. These losses can be made good by transfusing into the circuit from the filming reservoir, which stores spare blood, or from an intravenous drip.
Section ofAnaesthetics
The output of the arterial pump cannot exceed that of the recirculation pump. When extra blood is introduced into the circuit, when the heart is first opened and it is emptied by the coronary sinus sucker, the extra blood is stored in the venous reservoir. There is thus no risk of overloading the systemic circulation. Extra blood stored in the venous reservoir is automatically returned to the patient when the heart and lungs are refilled, after closure of the heart at the end of perfusion.
The pump and anmsthetic machine are situated at the head of the table, so that the pump operator and the antsthetist are side by side and close liaison during perfusion is possible without shouting or using microphones and loudspeakers.
The Care ofthe Patient During Cardio-pulmonary By-pass Premedication: Promethazine is given by mouth with a sedative the night before operation. Promethazine and Omnopon (papaveretum) only are given one hour before operation in the proportion of 25 mg to 20 mg respectively, suitably scaled for size and fitness of patient. No atropine or scopolamine is given, to avoid unnecessary cardiac acceleration or increased cardiac irritability. I do not routinely use barbiturates in the premedication, except in small children. I prefer a minimum amount of barbiturate in the blood stream during cardiac procedures. Pre-oxygenation: In poor-risk cases pre-oxygenation is advisable; in cyanotic heart disease the patient is always nursed in an oxygen tent for at least twelve hours before operation. Induction: Minimal thiopentone, followed by suxamethonium and d-tubocurarine chloride and insertion of a cuffed endotracheal tube, is the method used in most cases. Halothane or cyclopropane with oxygen, or nitrous oxide and oxygen are used for induction in apprehensive older children. Rectal thiopentone has been useful for young children. Thermometers and intravenous cannule are inserted and ECG leads are attached to all four limbs. A blood-pressure cuff is applied to the patient's arm. An inferior caval drip is inserted immediately after induction to facilitate blood sampling at the end of operation and for post-operative transfusion. Ventilation: Full controlled ventilation is maintained throughout by hand in small children, but otherwise by pulmoflator. When both pleural cavities are exposed slight positive pressure is maintained during expiration to prevent undue collapse of the lungs. During periods when the patient's circulation is completely taken over by the pump (total by-pass) helium 80 % and oxygen 20 % is insufflated into the patient's lungs at 5 cm of water pressure and ventilation is discontinued. This avoids exposing an unperfused lung to excess oxygen tension and prevents sudden gushes of blood reaching the left side of the heart and obscuring surgery.
When the patient's heart and the pump are competing to provide circulation (partial by-pass) the same helium and oxygen mixture is used, but the patient's lungs are ventilated intermittently. Maintenance of anasthesia: Additional doses of d-tubocurarine chloride are given as required.
Originally we maintained anesthesia with fractional doses of thiopentone, but this was unsatisfactory as it sometimes caused hypotension and in any case leads to an uneven depth of anmsthesia during perfusion. One case illustrated this very forcibly.
A large adult male had been on total body perfusion for one and a half hours at normal body temperature. His heart was then given three shocks from a defibrillator to restore sinus rhythm. His first question after return to the ward was to ask if he had been given an electric shock in the theatre. He could not remember any other part of the surgical procedure, but had been awakened by the defibrillation. After one and a half hours perfusion at normal body temperature there was no doubt as to the adequacy of the artificial circulation provided by the pump oxygenator.
Since this case we have used halothane to maintain unconsciousness. We find that 0-5 to 1% halothane added to the gases ventilating't he patient's lungs before and after by-pas' and to the oxygen and carbon dioxide mixture;ventilating the lung of the pump oxygenator during by-pass gives very satisfactory aneesthesia. There is little effect on blood pressure or cardiac rhythm and the dosage of muscle relaxants can be significantly reduced. Monitoring: With all the mechanical and electrical aids in the operating theatre it is vital not to overlook visual monitoring of the patient's colour and appearance. Even the briefest spell of anoxia in these seriously ill patients, particularly if they are already heparinized, may be disastrous. We have found that a sterile sheet of transparent nylon placed over the patient's head gives everyone a good view of the patient; it obviates the use of complicated screens which, apart from obstructing the view of the anmesthetist, get in the way of the surgeon, particularly in small children.
Blood pressure is monitored only by arm cuff and no indwelling arterial cannula is used as a routine. This precludes measurement of blood pressure during perfusion, but as the total flow of blood delivered by the pump is known throughout, this is of no great consequence.
Venous pressure must be monitored and is the crux of perfusion with the Mayo- ing visually the blood lost on to the floor or on to wound towels, which cannot be weighed. During the actual perfusion, blood replacement is gauged by the level of venous pressure and the volume of venous return to the pump.
The exact measurement of overall blood loss during by-pass surgery was at first thought to be vital. We weighed our patients immediately before and immediately after surgery to assess the accuracy of blood replacement. The fallacy of this is, of course, that blood need not necessarily be in the blood vessels. We have now abandoned this method of assessing blood replacement and rely on the clinical appearance of the patient, together with a measurement ofvenous pressure and systolic blood pressure. A useful sign indicating adequate blood replacement is the presence of blood in the veins of the dorsum of the foot. Full blood replacement at the end of perfusion is very important.
If large volumes of blood have still to be given after disconnecting the patient from the pump oxygenator, care must be taken to prevent citrate intoxication or myocardial hypothermia from too rapid transfusion of cold citrated blood. These complications can be prevented by rewarming the blood as it is transfused and giving calcium gluconate 1 g/500 ml of citrated blood. Temperature regulation: The Mayo-Gibbon pump oxygenator was designed primarily to maintain normal body temperature during perfusion, but it can beusedto induce hypothermia down to15°C and this has proved invaluable in some cases.
It is my view, however, that hypothermic perfusion should not be used routinely and particularly not used to cover inadequate output of a pump oxygenator. Hypothermia is not a physiological state and may add complications of its own. The longer period of perfusion required to cool and rewarm a patient inevitably leads to increased blood trauma with resulting hxemolysis and clotting difficulties after operation. Control of blood coagulation: Before cannulation the patient is given intravenous heparin in a dose of 90 mg/sq.m body surface area.
It is a curious paradox that if inadequate heparin is given during perfusion there will be difficulties of blood clotting afterwards, due to loss of fibrin in the pump. Heparin is metabolized at normal body temperatures; for long perfusions half the original dose is repeated every half-hour. If hypothermia is used this dose is reduced. At the end of by-pass, just before the withdrawal of the arterial cannula, heparin is reversed by a dose of hexadimethrine calculated from a titration performed on a sample of patient's blood. Acknowledgments: I am grateful to all members of the Middlesex Hospital Perfusion Team and in particular to Mr T Holmes Sellors and Dr DEvan Bedford for their help and encouragement. My thanks are due to Miss M Hewland for the diagrams.
Dr M K Sykes (London)
Anaesthetists should be competent to deal with all aspects of post-operative care and should deputize for the surgeon in an emergency, but their theatre and other commitments will probably not allow time for the assumption of complete clinical responsibility. The anesthetist can certainly do most good by concentrating his care on those patients who are in need of his specialized assistance. This arrangement allows maximum flexibility and ensures that there is always a therapeutic final common paththe house surgeon.
The complications following operation may be attributed to the thoracotomy, the cardiac repair and the perfusion. However, the factors involved are often inextricably mixed. The complications most frequently encountered may be grouped under three headings: Hwmorrhage, heart-block and hypotension; and respiratory inadequacy.
Hwmorrhage
Hvmorrhage is most commonly due to a surgical cause. There are, however, a number of changes which occur after total body perfusion which may lead to a heamorrhagic tendency. These include inadequate neutralization of heparin, thrombocytopvnia, the development of an increased fibrinolytic tendency and reduction in circulating fibrinogen, alteration of coagulation factors and the development of circulating anticoagulants. It is also said that pulmonary hypertension persisting after closure of the defect may cause excessive leakage from the right ventricular suture line. Whatever the cause, blood or plasma loss is particularly dangerous in patients who have undergone open-heart surgery because of the precarious state of the circulation.
In addition, bleeding into the pericardium may result in tamponadea complication which is difficult to detect in its early stages and rapidly fatal if left. Tamponade should be suspected if the arterial pressure falls and the pulse-rate rises in the presence of a high venous pressure. Pulsus paradoxicus provides confirmatory evidence and on X-ray the width of the mediastinal shadow may be increased. But it should be noted that a similar, but less severe, widening of the mediastinal shadow occurs in most cases during the first week after operation.
Although the danger of re-operation in these cases is great, immediate exploration should be undertaken in every patient in whom tamponade is suspected. Anesthesia should not be induced until the surgeon has scrubbed, the patient has been placed on the table, and the dressings removed. Minimal quantities of anmsthetic agents should be administered, and controlled respiration used with great care.
In order to maintain an adequate blood volume, it is essential to replace blood loss immediately. There is greater danger in hypovolkmia than in slight over-transfusion. Drains must be 'milked' continually and all blood loss, including samples, should be charted. Since there is invariably a delay between the loss of blood from the circulation and its appearance in the drains, it is wise to keep replacement ahead of loss by 100-300 ml depending on the size of patient and the rate of loss. It must also be remembered that bleeding may be concealed and that plasma loss may be responsible for a fall in circulating volume. The state of the circulation should therefore be continually assessed by inspecting the 'fullness' of the veins and by frequent determinations of pulserate, art-erial pressure and of venous pressure. If in doubt, a small but brisk diagnostic transfusion should be given and the effect of this on the venous pressure should be noted. If the patient is hypovolhmic there will be little change. If the blood volume is normal the venous pressure will rise by 1-3 cm of water and will return quickly to the pretransfusion level. If the circulation is overloaded, the venous pressure will rise immediately and then fall slowly, if at all.
Care is also required in the administration of other fluids. Oral fluids are restricted to sips of water on the first day and gradually increased on the second and third days after operation.. 5 % dextrose is given intravenously and the total intake is restricted to 800 ml/sq.m of body surface on the first day and 1,200 ml/sq.m of body surface onthesecond day. Anasogastrictubeisleft in place for the first twenty-four hours after operation and aspirated if the patient feels sick.
Cardiovascular System
Apart from blood loss and tamponade there are four factors which may be responsible for hypotension in the post-operative period. (1) The contractile force of the myocardium may be reduced by ventriculotomy, anoxia or the effects of an induced arrest.
(2) Vasomotor control may be defective.
(3) There may be an arrhythmia or complete heart block. (4) Restoration of normal anatomy may be incomplete. A combination of heart block and a poor hemodynamic result is particularly dangerous.
In the absence of heart block all our patients are digitalized after perfusion. This slows the heart, improves cardiac filling and also increases myocardial contractile force. If heart block occurs three pace-maker wires are sewn into the myocardium. These are connected to an electrical pace-maker. In some cases intravenous injections of isoprenaline may provide an adequate cardiac rate. Vasopressors are only used if blood pressure is persistently low. If sedative drugs are required they are given in very small quantities by the intravenous route. In a further effort to prevent hypotension it has been our practice to nurse all cases who have had a ventriculotomy in the horizontal position for the first week after operation. They are then gradually sat up and become ambulant during the third post-operative week.
The Respiratory System Lung complications are frequent after open-heart surgery. Correct diagnosis is sometimes impossible, for clinical signs are minimal and X-rays taken in the supine position by portable apparatus are difficult to interpret. The complications observed follow the common pattern. Segmental atelectasis is frequent and occurs most commonly in the left lower lobe. This is probably due mainly to pressure from the large heart, but we have observed at bronchoscopy that the left main bronchus is sometimes kinked over the heart, and this, together with the marked engorgement of the mucosa, may be an important wtiological factor.
In addition to atelectasis, consolidation, fluid, blood or air in the pleural space, one frequently encounters complications due to an alteration in blood flow through the lung. This is most commonly due to engorgement which results from forward overfilling due to over-transfusion, to filling from collaterals, or to retrograde overfilling due to a raised left atrial pressure (Kolff et al. 1958) . The cause can only be deduced from a complete knowledge of the patient's hemodynamic state. In cases with severe pulmonary vascular disease, marked respiratory distress may occur without any localizing signs in the lungs. The respiratory rate rises, the patient becomes Acid-base Balance After perfusion there is a 'non-respiratory' acidosis which is over-compensated by a respiratory alkalosis resulting from hyperventilation. When the anesthetic is discontinued there is, in most cases, a short period of hypoventilation and the 'non-respiratory' acidosis is revealed to the full by the low pH (Fig 1) . This 'non-respiratory' acidosis is usually corrected within twenty-four to forty-eight hours provided the kidney function is normal and circulation satisfactory, and the acidosis not too severe in the first place. If the patient has a base deficit of more than 7 or 8 mEq/l., or if the circulation is sluggish or the perfusion has been long, sodium bicarbonate should be given intravenously. The dosage given is based on the measured deficit. If a direct measurement of the base deficit is not available a dose of 2-5 mEq/kg body weight should produce an improvement in the clinical state, but it must be emphasized that re- peated doses may be necessary if the patient is shivering unduly or if an inadequate circulation persists.
Ventilation
Within two or three hours of the end of operation the respiratory depression disappears. Tidal volume remains small but respiratory rate increases. As a result the minute volume is increased. This state of hyperventilation persists for several days and in some cases for up to two or three weeks after operation. What causes this respiratory drive? Probably, most of it is reflex from the great veins and pulmonary vessels. It is cardiac dyspnoea. In some cases a 'non-respiratory' acidosis may contribute whilst in others anoxia is undoubtedly a factor. In support of this hypothesis falls of 1-3 litres per minute in ventilation and equivalent rises in arterial pCO2, may be noted when patients who are desaturated are given 100% oxygen to breathe. As can be seen from Fig 2, the arterial oxygen saturation when the patient is breathing air falls to its lowest levels on the second and third postoperative days. This desaturation is probably due mostly to altered ventilation/perfusion relationships within the lungs, since it is largely abolished by breathing 100% oxygen. However, diffusion block cannot be excluded as a cause, particularly in those cases where vascular engorgement is likely to occur. In some cases the patient is desaturated on the second, third, and fourth days, even when breathing pure oxygen. Since the patients studied had no detectable cardiac shunt after operation this must have been due to a physiological shunt within the lungs. From the data presented it would seem reasonable to keep the patient in a humidified oxygen tent for at least the first three post-operative days. Such a regime has three beneficial effects: (1) It provides a relatively sterile and humid atmosphere which moistens secretions and encourages expectoration.
(2) It raises the arterial oxygen saturation. (3) It decreases the minute volume and reduces the work of breathing and hence the oxygen consumption.
If there are clinical signs of respiratory distress, and particularly if circulatory complications are also present, treatment with mechanical respirators should be seriously considered. As yet there is no guide to the need for respirator treatment other than the clinical appearance of respiratory distress. The signs of distress are an unduly rapid respiration rate, increasing cyanosis, difficulty in breathing, the use of accessory muscles or, in the late stages, a gasping type of respiration, drowsiness and coma. As previously mentioned, minute volumes may be increased at this stage and the patient is therefore not in a state of ventilatory failure as commonly defined. But this fact should not be allowed to affect the decision to use intermittent positive pressure respiration (I.P.P.R.). Hyperventilation causes an increased work of breathing and this is further accentuated by the increased resistances to respiration. This results in an increase in the oxygen consumed. When ventilatory assistance is provided this extra oxygen becomes available for other purposes and the respiratory failure is overcome. There are other advantages to be gained from respirator treatment: (1) Oxygen can be delivered to the lung at a concentration of 100 %. (2) The mechanical effect of the I.P.P.R. on the intra-alveolar pressure may reverse the pressure gradients tending to produce pulmonary cedema. (3) Efficient physiotherapy with bag squeezing and expiratory vibration can force obstructing secretions out of the air passages to the reach of the suction catheter and the lungs can be fully re-expanded once more.
The treatment of these patients is similar to that of others requiring I.P.P.R. It is, however, considerably more exacting. The circulation will not stand an excessive or prolonged positive pressure phase. We have, so far, had no success with triggered ventilators. Synchronization with the time-cycled ventilator must thus be achieved rapidly and carefully maintained. Control of respiration is obtained by ventilating the patient at a rate and depth slightly in excess of that commonly found in the post-operative period. This hyperventilation can be most effectively commenced during general anmsthesia for the tracheostomy. Subsequently, small doses of intravenous opiates may be required to assist synchronization and in some cases small 'softening' doses of dtubocurarine may be needed. Minute volume can later be reduced as the condition improves. Oxygen should be added to the inspired gas until full arterial oxygenation is achieved and periods of suction should be extremely short, for these patients desaturate with frightening rapidity. To was used to induce cardiac arrest. This method of inducing asystole was much superior to the use of external cardiac cooling with ice, chemical arrest with potassium citrate or ischaemic arrest, as in these three techniques an aortic cross-clamp must be applied, preventing the coronary arteries from being perfused. Protection of the myocardium against ischemmia was a keystone of their perfusion techniques.
Arterial cannulation: The radial artery was cannulated as a routine in all patients, with a small nylon tube. This arterial cannula, besides providing a monitor to the arterial pressure during perfusion, allowed arterial blood samples to be obtained in the early post-operative period for biochemical estimations. If it was difficult to take the cuff pressure in patients whose cardiac output was low, the line could provide a direct and continuous measure of the blood pressure with an electromanometer and oscilloscope. This method had been used in the last 100 patients without complication.
The use ofhexadimethrine to neutralize heparin: In his experience hexadimethrine was not superior to protamine and made no difference to the rate of post-operative bleeding when used in a series of 20 patients. Protamine was still used to neutralize heparin because it was much cheaper. Dr Sykes had mentioned complete heart block as a complication of closure of ventricular septal defect.
The close anatomical relationship of the main conduction bundle of His to the ventricular septal defect made it liable to damage. By careful placing of the stitches under ideal conditions, direct damage to the bundle could be avoided in the majority ofcases. However, there would still be an unavoidable number of patients (3-5 Y.) who developed heart block as a result of himorrhage or oedema around the sutures, bruising or anomalous course of the bundle.
Complete heart block was a serious complication and could lead to the patient's death from cardiac asystole. Even if properly managed, it would drop the cardiac efficiency by 15-20% and could lead to the death of patients with poor hlmodynamic results after surgery. Proper management depended on the continuous use of the electric pace-maker to protect the heart against asystole and the efficient treatment of the low cardiac output state.
Dr A Holhman (London) discussed cardiac drugs after operation.
Digoxin was given to all patients as soon as perfusion stopped, with the important exception of those who had heart block -even if only a long PR intervalor who had had it during operation. In the uncommon instances where the patient was already digitalized the maintenance dose was continued by intramuscular injection.
He had produced-complete heart block on four occasions by giving digoxin to patients with a long PR interval. The twofold aim of digitalization was to prevent undue tachycardia and to strengthen myocardial contraction. It was given in a total dosage of 004 mg digoxin per kg, half of this being given at once by intravenous injection, and the other half by intramuscular injection divided into two doses at six and twelve hours post-operatively.
Procainamide and quinidine were rarely needed after operation and, if indicated, should be used sparingly. Ventricular tachycardia on the table was best treated by electrical defibrillation.
Isoprenaline was given to all patients with complete heart block. The initial dose was given beforeperfusion was stopped in order to maintain a reasonable circulation whilst the surgeon was inserting pace-maker wires, and when the pace-maker was working the drug was given rectally at four-hourly intervals. The intravenous solution was 0-001.% and was supplied in 2 ml ampoules. Each ampoule therefore contained 0-02 mg and this was an average single adult dose; proportionally less was used for children. Rectal administration was by suppository, 2 5 mg for children and 5 mg for adults.
Diuretics: After the first few days congestive heart failure might require treatment, particularly in severe tetralogy of Fallot. Mersalyl and chlorothiazide might be given alternately and in addition chlorthalidone had been found useful, particularly in those who became resistant to the other two drugs.
Hydrocortisone was often given in l00 mg intravenous doses to the severely ill post-operative patient, but the speaker had never seen it do any good.
Dr Alan Gilston (London), referring to Dr HolRman's statement that he had found cortisone valueless in the post-operative period, said that he had seen 2 cases of acute adrenal failure following cardiopulmonary bypass.
Dr Alex C Forrester (Glasgow) said that the patient's oxygen saturation in the early post-operative period could be better maintained by means of one of the new face-pieces designed to eliminate carbon dioxide effectively. The concentration attainable in a tent had been frequently found to be as low as 30 I/ due to the frequent opening of the side flaps. When a face-piece of the type suggested was used the oxygen percentage delivered to the patient could be kept at not less than 50 to 60%/o. This technique had the important additional advantage of allowing easy access to the patient.
